Abstract. Iron chemical-biological process was widely applied in desulfurization and hydrometally. 9K medium is used usually in this process. However, 9K medium is regarded as an optimal medium for suspended A. ferrooxidans culture. Iron oxidation rate is slow and some precipitation would be formed when the medium is used in this process. In this paper, a novel liquid mixture for iron chemical-biological process was reported: (NH 4 ) 2 SO 4 1 g/L, K 2 HPO 4 0.2 g/L, KCl 0.15, iron 17 g/L with initial pH 1.8. A verification test indicated that Fe 2+ oxidation rate was 6.1 g/(L·h), which was better than the results obtained in previous experiments. At the same time the precipitation formed is very small compared with all the experiments. So the liquid mixture may apply in this chemical-biological process better.
Introduction
Iron chemical-biological process is currently attracting the interest of researchers in purifying air and hydrometally [1, 2] . The biological oxidation rate is the most important parameter in this process [3, 4] . The immobilization technology of A.ferrooxidan and operating conditions have been investigated in an attempt to increase ferrous iron oxidation rate [5] [6] . However, there is few scientific literature about the liquid medium mixture. 9K medium proposed by Silverman and Lundgren is often used in the process. Generally, 9K medium is regarded as an optimal medium for suspended A. ferrooxidans culture [7] . Our previous work indicated that the demand of medium would greatly change when A. ferrooxidans was immobilized Moreover, the iron concentration is insufficient and some precipitation would be formed when the medium is used in chemical-biological process [6] .
In this study, a novel liquid medium mixture for immobilized A. ferrooxidans was investigated. The main object of this research is to find a novel combination of liquid medium mixture instead of 9K medium for immobilized A. ferrooxidans to achieve higher oxidation rate of ferrous iron and reduce precipitation forming in iron chemical-biological process.
Materials and methods

Microorganism and medium
A. ferrooxidans was cultivated in 9K medium [7] . The initial pH was adjusted to 2.0 using 5N H 2 SO 4 . Serial transfer to the fresh 9K medium was done for three times. Immobilization of cells and packed-bed bioreactor were prepared as the detailed procedure described in our previous work [6] . Steady-state operation was considered to be established when the ferrous iron concentration varied by less than 5%. All the observations presented are the average value of three sets of experiments.
Orthogonal array and experimental factors
The conventional approach of experimenting with one variable (or one factor) at a time is labor-intensive and time consuming. Based on previous work Fe 2+ oxidation rate and precipitation are the best aim parameters for H 2 S removal [4] .The main operational parameters and their levels were selected and showed in Analytical method FeSO 4 oxidation was monitored by determining Fe 2+ concentrations using titration against 0.009N potassium dichromate in the presence of N-phenylanthranilic acid as an indicator. The bacterium concentration was determined by direct counting using a cell counter (haemocytometer) of 0.1mm depth and 1/400 mm 2 area. The pH of solution was measured using PHBJ2260 pH meter.
Results and discussion Determination of optimal conditions
A Taguchi method [8] was used to identify the optimal conditions and select the parameters. Taguchi's L 16 design and the results of measurement are shown in Table 2 . In this method, the terms 'signal' and 'noise' represent the desirable and undesirable values for the output characteristic, respectively. The quality characteristic deviating from the desired value was measured using the S/N ratio [9] . The experimental condition having the maximum S/N ratio is considered as the optimal condition The S/N ratio is defined as:
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Where y i is the characteristic property, n is the replication number of the experiment. The unit of S/N ratio is decibel (dB). Table 2 shows the S/N ratio for ferrous iron oxidation rate using Eq. ( 
Factor contributions
The analysis of variance (ANOVA) on the experimental results was performed to evaluate the source of variation and the relative importance of each factor [5] . From the results of ANOVA, the iron concentration had the largest variance, which indicated that the most influential factor was iron concentration. The percentage contribution to the bioreactor performance which was calculated by the ratio of the variance for each factor to the total variance was shown in Table 3 . The percentage contribution of A (NH 4 ) 2 SO 4 , B (K 2 HPO 4 ), C (KCl), D (iron concentration) and E (pH) is 0.140%, 7.199%, 4.275%, 73.539% and 14.847%, respectively. Similarly, from the results of ANOVA in Table 4 we can conclude the contribution percentage on avoiding precipitation formation of A, B, C, D and E is 34.765%, 0.194%, 0.291%, 0.453% and 64.296, respectively The optimal parameters From level average response analysis above, it can be seen that A2, B3, C3, D3, E3 and A1, B1, C1, D3, E1. In other words, the optimal parameters for ferrous iron oxidation and avoiding precipitation are different except D3 (iron). However, from the results of ANOVA in Table 3 and Table 4 it can be seen that the effect of each factor on ferrous iron oxidation and avoiding precipitation is A(0.140%), B(7.199%), C(4.275%), D(73.539%), E(14.847%) and A(34.765%), B(0.194%), C(0.291%), D(0.453%), E(64.296), respectively. So A1, B2 and C3 are the optimal parameters for ferrous iron oxidation and avoiding precipitation synchronously. E3 and E1 are the optimal parameters for ferrous iron oxidation and avoiding precipitation, respectively. However, at E1 ferrous iron oxidation is very 370 Progress in Environmental Science and Engineering slow. At E3 some precipitation would be formed. So E2 may be the best. The difference of ferrous iron oxidation is very small at E2 and E3. But the precipitation would reduce obviously when pH was turned from E3 to E2. So E2 may be the best. The confirmation experiment was performed by setting the five experimental factors as: A1, B2, C3, D3 and E2. The confirmation test indicated that the mean S/N ratios was equal to 15.707, the Fe 2+ oxidation rate using new design experiments was 6.1 g/(L·h), which was higher than the best result obtained in experiment 3. At the same time the precipitation formed is about 16.20g, which is very small compared with all the experiments.
Conclusion
Based on the research, a novel liquid mixture for iron chemical-biological process was established: (NH 4 ) 2 SO 4 1 g/L, K 2 HPO 4 0.2 g/L, KCl 0.15, iron 17 g/L with initial pH 1.8. The verification test indicated that the mean S/N ratios was 15.707, the Fe 2+ oxidation rate was 6.1 g/(L·h) and the precipitation formed was about only 16.20g. The experimental results confirmed that the liquid mixture is better than 9K medium in iron chemical-biological process with immobilizied Acidithiobacillus ferrooxidans.This may be a new method to increase the oxidation rate of ferrous iron and reduce the precipitation formed in process.
